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VETPOCS  OP  ■COMR'TIfcO  BALI. IS  TIC  LIMITS  FROM 
FIRING  DATA 


J,  *  *  ’*li  "  TIC  LIMIT 


A.  £F  and  PP  wi  thin  5O  fpg,  with  Conf irr.ilnp  Partlala 

i.  Fi r Inf;  Mothod  -  Obtain  3  PP  feolow  And  within  5®  fps  of  low  CP*  (Uininuia 
number  of  rounds,  such  as  XO,  may  bo  specified.) 

i .  Mothod  of  Computation  -  Averape  of  the  velocities  of  the  low  CP  and  the 
,hiv;h  PP  below  that. 

I  ,  , 

3,  Usoe  -  Principally  TBk-lOA  propram. 

•  ‘  I  i  '  i 

Number  of  Rounds  Involved  -  Generally  6  to  li*.  y 

.  Cu'nmonts  -  Presorts  armor  at  its  poorost.  Data  CBU  not  conbinou  with 
V^q  data.  RoproduolblUty  unknown. 


n. 


.  iVl 


od  low  BALLISTIC  LIMIT 


A*  CP  and  PP  within  90  fps 

1.  Firinp  Method  -  Employ  up  and  down  method  until  a  PP  is  obcain&G  lo- lb- 
arid  within  50  fFs  of  low  CP. 

ti,  lk< thod  of  Computation  -  Average  of  the  velocities  of  the  low  CP  ar.d  the 
hiph  PP  below  that. 

,  I  . 

3.  Uses  -  a.  Old  armor  to;  t  programs. 

b.  Testa  of  hulls  and  turrots  of  tanks  (duo  to  limitod  uras 
available  for  testing). 

c.  Aocoptanco  testing  of  armor  (with  the  optional  provision 
that  two  additional  PP  be  obtained  a’'Ovo  specification 
requirements }. 

ij.,  Number  of  Pounds  Involved  -  Generally  J  tc  6 

5.  ,  Co.uiontc  -  Poorest  roproduoibility  of  «ny  method,  but  suitable  r.  a 

projectile-plats  combination  would  normally  pivo  a  small  *on<  of  nixed 
results.  Ballistic  limit  can  bo  obtained  with  n  minimum  nu  .jt.-  of  rr- - - 
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VrQ  BALLISTIC  LIMITS 


A.  ;  CP  and  3  PP  within  150  fpa 

'  '  '  1  — * . — J — m  1 

1.  Firing  Method  -  Employ  up  and  down  method  until  3  CP  and  3  PP  aro  obtained 
within  &  spread  of  1*50  f pa  . 

2.  I.'othod  of  Computation*-  Average  of  tho  Velocities  of  the  3  lov/out  CP 
and  the  3  highest  PP. 

3.  I’sob  -  Moot  armor  development  programs  other  than  TPl.i-lOAj  also  pro¬ 
jectile  test  program*. 

U«  number  of  bounds  Involved  -  Gonorally  7  to  10, 

5.  ■  Comments  -  Probably  gives  better  reproducibility  for  number  cf  rounds 
fired  than  method  IA.  Perries able  velocity  spread  may  bo  modified  to 
'  for  esamplo,  100  fpa. 

B.  5  CP  and  5PP  within  125  fpa 

1.  Firing  Method  -  Employ  up  and  down  method  until  '/  CP  and  5  pp  are  ob¬ 
tained  within  a  spread  of  125  fpa. 

2.  Method  of  Computation*-  Average  of  the  volocities  of  the  5  lowest  C? 
and  the  5  highest  TP. 

3.  Uses  -  Tests  of  body  armor  natorlals  (bocausa  a  large  number  of  pro¬ 
jectiles  may  be  fired  at  ono  panel). 

Number  of  Rounds  Involved  -  Generally  10  to  17 

»> 

5.  Comment*  -  Requires  the  firing  of  a  large  (relatively )  numler  of  round's. 
Ferraiasable  velocity  spread  may  oe  modified. 


’or  tho  apodal  enso  when  the  sone  of  mixed  result*  exceods  the  perniatoblo 
velocity  spread,  no  definite  overall  policy  hus  been  ostabliahed.  for  bony  aruor. 

UiO  tontutivo  specification  requires  that  should  this  aituation  develop,  tho  pernis- 
iif  tjio  »p,*cnd  will  be  increaaed  to  the  else  of  tho  sone  of  mixed  results  anti  firing 
v’.n  bn  continued  until  ?  CP  and  7  PP  ore  obtained  within  Che  sone  of  uixod  result 
Another  « ideation  ia  that  tho  permlaatible  velocity  spread  be  applicable  only  to 
t  .i-  hi.  hoot  CP  considered  and  the  lowest  PP  considered,  and  the  ballistic  lid; 
ociii  bo  based  upon  an  equal  number  of  the  highest  FP'i  and  the  lowest  CP's  cv-.r 
though  tho  none  of  mixed  results  may  be  greater  than  the  peruisifable  velocity  ;p:eui. 


NOT  REPRODUCIBLE 


1.  Firing  fiothod  -  iiuploy  up  and  down  method  until  3  CP  and  3  PP  ar®  ob¬ 
tained  within  a  spread  of  100  fps.  If  tone  of  mixed  results  lo  greater 
than  100  fpe,  fire  additional  rounds  to  obtain  a  minimum  of  3  CP  and  3  PP 
in  the  mixed  zona, 

2.  Method  of  Computation 

a.  If  no  mixed  zone  is  obtained  -  Average  of  the  velocities  of  the 
lowest  CP  end  the  highest  PP. 

b.  If  mixed  zone  is  less  than  100  fpe  -  Average  of  the  velocities  of  the 
3  lowest  CP  and  the  3  highest  PP. 

o.  If  mixed  tone  ranges  from  100  to  250  fps  - 

(l)  And  the  number  of  PP  in  mixed  cone  exceeds  the  number  of  CP,  then: 


(VHP  -W 


il^  VA  +  (Np  -  fe* 

(Np  -Mlc) 

(2 )  And  the  number  of  CPln  mixed  sone  exceeds  the  number  of  PP,  then: 


3L  ^  VA  - 


(NC  -  HP)  * 

-  (*i  - 

(KC  **  «p)  A  10 


3.  Uees  - 

4.  Kum'oar  of  Bounds  Involved  -  Generally  7  to  14 

5.  Comment*  -  , 

.  Yg0  with  ft  Factor,  per  Navy 


i.  Firing  Method  -  Imploy  up  md  down  method  with  50  fps  increments;  zono 
.aethod  also  suitable. 


Av-.rago  of  nil  velocities  In  mixed  son* 

'.A'r.'-c  r  of  P?  in  mixed  sone 
him.brr  of  CP  in  mixed  sone 
velocity  of  the  highest  PP 
Yt-iocity  of  the  lowest  CP 


3. 
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2,  Method  of  Computation  -  Plot  curve  ohowirv,  frequency  of  CP1-,  at  anch 
velocity  interval.  Draw  straight  line  through  straight  line  auction 
of  curvo.  Differonoe  in  velooitiee  between  that  at  which  the  itroi^ht 
line  intersect  a  the  10  Qff>  CP  lino  and  that  at  which  it  lntorae  to  the 
0/  CP  line,  is  equal  to  2X.  Apply  formula: 


37  *  (lip  -  Me)  * 

BL  -  .....  - - - - - 

Hpt  «o 

SV  *  The  eun  of  the  velocities  of  all  rounde  in  the  range  extending 
20  fps  above  and  bolov  the  aono  of  mixed  ro suite. 

3.  Uoen  -  Uaed  a  few  times  in  old  program*. 

4.  Number  of  Roundo  Involved  -  Probably  an  absolute  minimum  of  ‘jO. 

5.  Comment*  -  Require*  more  round*  than  is  normally  practical.  Frequency 
curved  are  not  as  smooth  in  practice  a*  Ihey  are  theoretically.  If 
enough  round*  are  fired,  method  III  0  probably  more  satisfactory. 

/ 

1£.  V^q  with  K  Factor,  per  Navy,  Modified  by  APG 


1.  Firing  not hod  -  Employ  up  and  down  method. 

2.  Method  of  Computation  -  Cnae  as  III  D  exoept  that  X  is  oon3idered  to 
be  one-half  the  sone  of  minted  results  obtained  In  firing. 

•4 

3.  Uses  -  Occasional  use  in  special  teste  when  the  *one  of  mixed  results 
is  la  rge. 

4.  Number  of  Bounds  Involved  -  Generally  12  to  20. 

5.  Conmonts  -  Requires  fewer  round*  than  method  III  D.  Suitable  when  a 
lrrge  sone  of  mixed  result*  exists  and  a  moderate  number  of  rounds 
have  been  fired. 

F,  ’>)thod  of  Maximum  Likelihood,  per  BRL  Technical  Note  No.  151 

1.  Firing  Method  -  Aaploy  up  and  down  method. 

2.  Method  of  Computation  -  Maximum  likelihood  method  describod  in  RRL 
Technical  Note  No.  151. 

3.  Uflos  -  Sultablo  for  all  data, provided  a  sono  of  mixed  results  Is  ob¬ 
tained.  At  present,  used  principally  as  a  chock  on  other  wethodr  and 
when  the  most  accurate  determination  poerib'.o  is  weired. 

4.  Number  of  Bounds  Involved  -  Generally  5  to  20. 

5.  Comments  -  This  is  the  only  statistically  sound  method  available  for 


U 


i’  r* 
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use  when  n.  otiftll  or  moderate  number  of  ron  »  hove  boon  fired.  Pro¬ 
vides  ft  standard  ds&ntlan  pi*  veil  no  n  \  ..liatic  Unit,  though  tho 
standard  deviation  may  nvt  be  .ory  nccm  j  an  far  an  the  particular 
plate-projectile  combination  in  confer-/,  i,  Bsquires  two  to  four  hours 
of  computation  to  obtain  ballistic  limit  rind  ctandnrd  deviation,  but 
u  specially  designed  computing  machine  should  bo  able  to  supply  answers 
in  nn  insignificant  amount  of  timo.  When  no  zone  of  mixod  results 
is  obtained  in  firing,  no  standard  deviation  can  be  obtained  and  the 
ballistic  limit  can  only  be  estimated.  Cheeks  to  date  have  shown  that 
baUiotio  limits  obtained  by  this  method  differ  only  rery  slightly 
from  ballistic  limits  obtained  by  the  3  and  3  method  or  the  5  and  5 
method. 

G,  Probability  Curves 

1.  Firing  "ethod  -  Smploy  up  and  down  method  or  sone  method. 

2.  Method  of  computation  -  Plot  curve  showing  frequency  of  CP*s  at 
various  velocity  intervals  on  either  linear  or  probability  graph 
paper.  Pick  off  V^0  point  from  curve. 

3.  Usee  -  To  set  up  specification  requirements  for  body  armor  mtorlaln, 
and  for  other  special  tests. 

4.  Humber  of  Bounds  Involved  -  Generally  150  or  more  rounds  are  necessary . 

5.  Comments  -  Suitable  only  when  a  large  number  of  rounds  can  be  fired 
at  the  earn  target,  (•lay  also  furnish  reliable  standa  rd  deviation. 

Host  accurate  of  all  methods. 

H,  Average  of  Velocities  la  Zone  cf  Mixed  Results,  per  Nsvy 

1.  Firing  Method  -  Employ  up  and  down  method. 

* 

2.  Method  of  Computation  -  Use  formula  below* 


Bi.  r  £v _ 

Nc  4 

3.  V  -  Ahe  sum  of  the  velocities  of  all  rounds  in  the  sone  of  mixed  results. 
-  Number  of  CP  in  tone  of  mixed  results, 
hp  -  Humber  of  PP  in  sone  of  mixed  results. 

3.  Uses  -  Normal  development  firing  by  Navy. 

U.  Hunbor  of  rounds  Involved  -  Generally  9  to  15* 

p.  Comments  - 
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